In the general move towards harmonised standards across Europe to reduce potential barriers to trade, a Comité Européen de Normalisation (CEN) task group was set up in 1990 to develop a set of test methods for asphalt mixtures. Work has been underway since then and some methods have become European standards. At the same time, a set of asphalt specifications for the material as delivered to site was being developed by another CEN task group. These specifications, together with the associated test methods, are due to be completed for implementation at the end of 2003. Although the test methods required to support the specifications have taken precedence, further tests on the properties of the in-situ material are also being developed, but without the same urgency. This paper (by the original and current convenors of the test method task group) reviews the 43 test methods that the task group is currently responsible for in terms of their history and contents. Once implemented, these tests will replace all equivalent standards across Europe.
Introduction
The European Committee for Normalisation, or Comité Européen de Normalisation (CEN), have programmes to produce harmonised Standards across Europe for many product areas, which include asphalt surfacing mixtures and their component materials. This harmonisation is important because, when completed, the standard specifications and associated test methods being developed by the various committees will be adopted by each of the States that subscribe to CEN. The finalised documents will be published by all the national standardisation committee as their national Standards, rather than by CEN, and will be introduced in packages of specification(s) with associated test methods.
Existing product specifications for asphalt mixtures tend to be related to the pavement performance properties. Principally, two systems of formulating product specifications can be distinguished [1] :
An empirical (performance related) system. This system specifies the asphalt mixture in parameters based on empirically obtained relationships between the functional pavement properties and the mix specifications. Such a system describes (narrow) specifications for constituent materials, aggregate grading curve, binder content, volumetric properties and uses empirical test methods (such as Marshall or wheel tracking) to test the product. A rational (performance based) system. Such a system specifies the asphalt mixture in parameters that are obtained from the state-of-the-art knowledge of structural behaviour and failure mechanisms. Table 1 gives functional pavement properties and the related rational technical material parameters. However, there is not a direct relationship between one functional pavement characteristic and one rational technical material property. The test methods being developed to support these specifications for mixed materials by TG2 of WG1 are given in Table 2 . This list is more extensive than currently required by any individual national specification and it is not intended that all the properties will be mandatory; some will optional whilst others will be for information only. These tests are generally intended to cover the properties of the material as supplied to site. The properties of the pavement surface (texture depth, unevenness, noise, etc) are covered by a separate working Group. There is not sufficient space to describe each method here [2] , but the more interesting or controversial tests (marked by * in Table 2 ) are discussed below (based on the drafts current at the time of writing).
EN 12697-1, Soluble binder content
The measurement of the binder content in an asphalt mixture does not measure any inherent property of the mixture but is essential for quality control. It provides the Client with assurance that recipe requirements have been achieved and the Contractor knowledge of consistency with performance requirements. There are several methods of measuring the soluble binder content and several solvents that can be used in those methods. The definition of "soluble binder content" is dependent on the solvent used. Nevertheless, all methods do give similar results and can be regarded as equivalent. This equivalence is important for harmonisation because all the solvents are environmentally harmful and each is banned in at least one country. Binder content by ignition * 40
In-situ drainability 41
Resistance to de-icing fluids 42
Analysis for foreign material 43
Resistance to fuel
The CEN Standard provides a unified approach to the examination of asphalt mixtures that allows some divergence in the detail of procedures followed by individual laboratories. The determination of binder content comprises: binder extraction by dissolving the sample in a hot or cold solvent; separation of the mineral matter from the binder solution; determination of the binder content by difference or by binder recovery; calculation of the soluble binder content; and if required, correction for any insoluble portion of the binder. The Standard includes a definition of binder content that allows for there being an insoluble portion.
The basic operations for both binder extraction and separation of the mineral matter are given, together with an informative annex on the selection of appropriate methods that can be used. A series of normative annexes are given on each of these alternative test methods with their associated items of equipment. The methods are:
Binder extraction Separation of mineral matter hot extractor with paper filter continuous flow centrifuge hot extractor with mesh filter pressure filter Soxhlet extractor bucket type centrifuge bottle rotation machine centrifuge extractor and agitation There is also a separate informative annex for a method of determining the residual mineral matter in the binder extract by incineration.
The sets of different equipment are deemed to be equally suitable for carrying out particular parts of the test. Other methods and equipment, including automated equipment, can be used provided that it can be demonstrated that they provide the same results as one of the given methods within the limits of the precision given in the Standard.
The original version of the Standard was essentially limited to mixtures with unmodified bitumen. The intention was to produce a separate Standard giving advice on modifications to the procedures set out in EN 12697-1 that are needed when a mixture contains polymer-modified binder. However, it was found during drafting that the modifications are so dependent on the polymer, the solvent and the analysis method used that it was impossible to provide a normative Standard. Therefore, the advice has been downgraded to an informative annex to EN 12697-1.
EN 12697-9, Reference density
The concept of reference density is necessary for precision in obtaining values of other properties for a mixture because most of the other properties will be dependent on the density of the samples used. The need is particularly relevant for type testing with laboratory samples. There are several ways of defining the reference density, and the Standard covers determination of reference density, refusal density, compaction degree and percentage refusal density.
For reference density, a laboratory or plant mixture is compacted either by an impact compactor for a fixed number of blows per face or by a gyratory compactor for a fixed number of gyrations.
The compaction may also be carried out by vibratory compactor, but this is not the usual procedure. The density of the compacted specimen is the reference density. The Standard does not define the number of blows or gyrations that should be used, which is left to the material specification. Refusal density is a specific reference density in which a sample is compacted to refusal.
Compaction degree and percentage refusal density are ratios of the density of a specimen relative to the reference density or refusal density, respectively, measured in per cent.
EN 12697-11, Affinity between aggregates and binder
The potential for binder stripping can be a factor in the durability of mixture. However, no definitive and objective method is currently available to determine this property. The Standard uses an uncompacted sample of the 8/11 mm fraction (or the 5,6/8 mm fraction if the former is not available) of the aggregate mixed with bitumen to obtain a uniform coverage over the whole of the surface area of the aggregate. The coated aggregate is rotated in a bottle filled with water with a glass rod, after which the proportion of bitumen coverage is estimated.
There are doubts about the method, in particular with aggregates having a high polished stone value where the agitation can wear away the surface of aggregate leaving uncoated areas, irrespective of the affinity between the aggregate and binder. Two alternative methods are being investigated, these being the static method (currently often used for airfields) and the boiling water stripping method developed in Belgium.
EN 12697-12, Moisture sensitivity
Moisture sensitivity is another property that affects the potential durability of a mixture. The Standard uses six cylindrical test specimens, three controlled and three conditioned in water, that our tested for indirect tensile strength at 25 C. Although the temperature is inappropriate for tensile strength, it is the ratio of indirect tensile strength of the conditioned and control specimens that is used to indicate the moisture sensitivity. There are concerns about the precision of the method, and an alternative method is being investigated that is based on the ratio of compression strengths of water conditioned and control specimens. The precision could be further improved by using a property that can be measured both before and after conditioning, so removing the specimen variability from the precision
EN 12697-18, Binder drainage
Binder drainage is an early life failure mode that can effect mixtures with high binder content, in particular porous asphalt and, to a lesser extent, stone mastic asphalt. The Standard includes two methods, the basket method (primarily for porous asphalt) and the Schellenberg method (primarily for stone mastic asphalt). The basket method is more precise but requires more time to complete.
EN 12697-22, Wheel tracking
Wheel tracking is an empirical test for the deformation resistance of surfacing materials that is simulates the actual conditions sufficiently accurately to give intuitive confidence in the results. As a result, several variations of the test have developed using different, but equally valid, parameters such as the wheel size, the number and speed of wheel passes and the load applied through the wheel. A trial has been undertaken with some of the different variations of the test used around Europe [3] . With limited changes that did not invalidate existing equipment, it was found that the results from several of the methods could be equated. This equivalence was found despite the difference in the manner of expressing the result. The French method measures the rut depth developed divided by the thickness of the specimen after an extensive number of wheel passes whilst the UK method measures the rate of rut depth development with time during the last third of a much shorter test with no allowance for specimen thickness. Therefore, the Standard includes variants of the method that uses:
large-scale devices with samples conditioned in air small-scale devices with samples conditioned in air small-scale devices with samples conditioned in water
EN 12697-24, Resistance to fatigue
Fatigue (other than the choice between controlled stress and controlled strain variants) should, theoretically, be a fundamental property (i.e. the result is the same irrespective of the method used to obtain it). In practice, as confirmed by the RILEM Technical Committee "Bituminous Materials", the fatigue tests currently available are not fundamental. The alternatives for standardisation were to select one test device, which may not be the "correct" one and could stifle innovation, or to allow a variety of equipment. The Standard gives the basic with annexes on the following types of specimen and associated equipment: Two-point bending test on trapezoidal specimens Two-point bending test on prismatic shaped specimens Three-point bending test on prismatic shaped specimens Four-point bending test on prismatic shaped specimens Indirect tensile test on cylindrical shaped specimens Because the results for the mixtures will differ, the two-point bending test on trapezoidal specimens is taken as the reference method.
EN 12697-25, Cyclic compression test
Cyclical axial compression testing is generally regarded as a more fundamental method of assessing the deformation resistance of asphalt mixtures than wheel tracking. However, the amount of lateral restraint needed is uncertain. Triaxial compression was seen as being too long and complex for routine testing by many, while uniaxial compression is known to be inappropriate for use with mixtures reliant on stone-to-stone contact such as porous asphalt. Therefore, the Standard includes two cyclical compression tests, a uniaxial test that includes a certain amount of self-constraint by having the upper loading platen smaller than the specimen and a triaxial method that allows the lateral pressure to be applied by vacuum, despite that limiting the pressure to one atmosphere.
EN 12697-26, Stiffness
For stiffness, the RILEM Technical Committee concluded that a functional format for a test procedure was possible. Nevertheless, the Standard for stiffness still describes a procedure that allows several different devices to be used. The difference between devices is compensated by form-and mass-factors. The test is executed at specified conditions to produce a master curve of the complex stiffness modulus against the applied (corrected) frequency. A second is the curve for the relationship between complex stiffness and phase angle (Black Diagram). The accepted test procedures are: Two-point bending on trapezoidal specimens Two-point bending on prismatic specimens Three-point bending on prismatic specimens Four-point bending on prismatic specimens Indirect tensile resilient modulus on cylindrical specimens Uniaxial tension-compression on cylindrical specimens Uniaxial tension on cylindrical specimens
EN 12697-39, Binder content by ignition
The use of solvent to determine the binder content of mixtures is deprecated because of the adverse effect of solvents. Therefore, this Standard is an alternative to EN 12697-1 that determines the binder content of bituminous mixtures by ignition in a furnace at a specified test temperature, usually 540 C. The binder content is obtained by calculation that includes a calibration factor. The need for calibration factors makes the method less robust as a compliance tool in situation where there are many different mixtures, each requiring a separate calibration.
Conclusions
A package of harmonised asphalt standards, including a comprehensive set of tests for asphalt mixtures, is being prepared by CEN TC 227/WG1. The tests are, where possible, derived from the functional properties of pavements or, elsewhere, empirical tests. The test methods are intended to be practical, suitable for daily operation and appropriate for their intended use(s) and not too complex, too expensive or too slow. These test methods should support good quality control, but their production is not a goal in itself!
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